Fireworks deaths are a rare event in the United States with minor injuries comprising most adverse events. We report the case of misuse and modification of a large "mortar" firework with fatal results. In this case, the firework charge was modified with additional fuses and placed into the launcher upside down. The decedent then held the mortar base closely to his chest and lit the modified fuse. The resulting explosion caused severe blunt force trauma with significant hydrostatic shock damage to the heart and liver. This cause highlights the dangers of fireworks, particularly when misused.
CASE REPORT
A 54-year-old white male was found supine in a chair on the back porch of his house. Earlier in the evening, he had purchased $171 worth of fireworks and had been shooting fireworks while consuming alcohol on his back porch. Unused fireworks and an empty can of beer were found near the chair on the porch, and the decedent had 2 unopened cans of beer in his pockets. Before the incident, the decedent was preparing to shoot a "Flaming Ball Charge," a mortar-style firework with a charge that is launched from a cardboard barrel or tube.
In this case, the cylindrical charge measured 10.2-cm tall with a diameter of 4.1 cm. A 30.5-cm fuse was connected to the charge, which was labeled with an arrow pointing to the top saying "This End Up." Importantly, this directional arrow was a label applied to the foil wrapping. The charge was designed to be fired from a 31.8-cm-tall cylindrical launcher with a diameter of 4.1 cm. The launcher was attached to a 11.7 Â 11.7-cm square base that was approximately 1.6-cm thick.
After the charge did not ignite on the first try, the decedent removed the charge from the launcher. After removing the firework charge, he used a pocketknife to cut an additional hole in the charge and inserted a different fuse from another charge into the hole. He then placed the modified charge into the launcher intentionally (per witnesses) upside down, held the launcher closely in front of his chest, aimed into his yard, and lit the fuse. The reason why the decedent placed the charge in the launcher upside down is unknown, but his level of intoxication was likely a factor. The charge ignited and exploded out of the bottom of the launcher. The projectile in this case was presumed to be the square, pressed wood base of the launcher and fragments of the charge. These struck the decedent at the midline of the chest, creating a 6.4 Â 6.4-cm wound with external charring and thermal damage (Figs. 1, 2).
Autopsy revealed minimal projectile penetration into the thoracic cavity, less than 2-cm deep. The lower part of the sternum and left anterior ribs 4 through 8 were fractured. As the site of impact was at least 10 cm superior to the diaphragm, presumed hydrostatic shock damage to the liver was noted, associated with severe blunt trauma. This hydrostatic shock damage to the liver caused several hepatic capsular fractures up to 10 cm. The anterior surface of the right ventricle of the heart sustained a 7-cm vertical tear as a result of direct blunt trauma, and an associated 500 cm 3 of hemopericardium was noted in the pericardial sac. Only small, less than 1 cm in diameter fragments of mortar base are recovered from the wound at autopsy; the remainder is recovered at the scene by law enforcement.
Toxicology revealed a blood alcohol content of 0.146% g/dL. The cause of death was determined to be penetrating blunt force trauma to the chest, with severe damage to the heart, and resulting hemopericardium. The manner of death was determined to be accidental ( Fig. 3 ). deaths were due to fireworks. 1 A 2012 US Consumer Product Safety Commission study found only 6 fatal firework injuries in the United States for the year. 2 The casualties that do occur are primarily of young males and are often associated with celebrations. 3, 4 In the United States, the 2 most common holidays that involve fireworks are the Fourth of July and New Year's Eve, with 70% to 75% of the firework-related injuries occurring in a 1-month period around the Fourth of July, from June 23 to July 23. 5, 6 A Chinese study found hands and fingers to be the most commonly injured body part, accounting for 32% of all injuries. Trunk injuries, such as those noted in this case, were the third most common injuries at 22.4%. This study also noted that 68% of firework injuries were caused by firework misuse, which includes holding the fireworks in the hand. 5 Other literature supports misuse as a significant cause of firework injuries. This case was unique in that not only did the decedent hold the firework in his hand, but also he attempted to modify it himself. Modification of fireworks is extremely dangerous and is condemned by firework manufacturers and public health officials. 4 In addition to injuries, fireworks contribute significantly to property damage in the United States. 6 The decedent's state of inebriation was another factor that may have contributed to the decision to modify the firework. To date, intoxication with alcohol is rarely documented in reports of firework injuries. In an Indiana annual report of firework injuries, 91% of injury reports did not include information about alcohol consumption, whereas of the 9% that did include this information, 96% of these reported alcohol use as a contributing factor to the injuries. 7 The extent of firework injuries is dependent on several factors, including mass, velocity, shape of the projectile, and the distance traveled. 8 As with high velocity projectiles, trauma can be seen distant from the actual wound path due to hydrostatic shock damage. 9 This damage occurs from the transfer of kinetic energy from the projectile to the target. In this case, the 300-g pressed wood base of the launcher would transfer a significant amount of energy at lower velocities. Due to the very large area of the impact site with minimal intrusion, we assume that even larger amounts of kinetic energy were transferred to the decedent's body.
DISCUSSION
Firework design can be quite complicated but several principals apply to most designs. Black powder and other explosives can be used for a variety of purposes in the design, from launching a charge to producing the "sparkling composition." 10 Certain chemical compositions can be to produce particular colors for the display. 10 In this case, dissecting an unused charge with the help of a state pyrotechnic safety expert revealed several explosive mixtures. A granular black powder lift or launching charge was found in the bottom half of the charge, whereas the top half was compromised of a solid core of explosives and binder. This core is meant to be fired into the air from the tube of the mortar to produce the colored "sparking composition" seen in a display. It is critically important that the lift or launching charge be placed underneath the solid core to ensure the explosive launches correctly. The opinion of this expert is that the upside placement charge placement and modification of the fuse was largely responsible for the fatal explosion ( Fig. 4) .
Although not present in this case, blast wave injuries have been described in firework injuries. The detonation of a firework results in a conversion of the solid fuel to gas for a short period of time. 11 This expansion causes a change in atmospheric pressure that leads to what are known as primary blast wave injuries. 1 The blast wave creates stress and shear waves in the body that causes tissue tears due to differential acceleration. 12 The hydrostatic shock injuries present in this case should not be confused with primary blast injuries, in which the atmosphere conducts pressure to the victim. Due to the fact that air is the conductor of pressure in primary blast injuries, such injury usually affects gas-filled organs such as the lungs. 11, 13, 14 This decedent did sustain secondary blast injuries resulting from the projectile or debris striking him. 1 These small injuries surrounding the main impact site were likely from fragments of the plastic base itself.
Firework injury prevention is a major public health issue, particularly around holidays such as the Fourth of July and New Year's Eve. 6 Community education and legislation controlling sale of fireworks to individuals are the 2 most common methods used to prevent fireworks injuries. 15 There is significant evidence that suggests that legislation can effectively limit fireworks injuries, whereas educational efforts have not been effective in states that allow consumer fireworks to be purchased. 4, 15 In the United States, the Consumer Product Safety Commission sets regulations on the amount of explosive material allowed in fireworks, in addition to setting regulations on reloadable fireworks. 15 Federal regulations allow the sale of a wide variety of fireworks, and the individual states have the ultimate decision as to what can be sold. 15 States that restrict sales of fireworks to consumers were found to have decreased rates of injuries from fireworks. 15 South Carolina is relatively lenient in its fireworks restrictions in comparison with other states, and almost every type of firework is legal in the state. According to South Carolina law, every type of consumer firework (with the exception of 1 size of small rocket) is legal to those aged older than 16 years, with large display fireworks requiring a permit and licensed operators. 10 In this case, consumer affairs for the state investigated and determined that the firework system was functional if used according to the directions. However, they did suggest that future "mortar" style fireworks charges be labeled with a directional arrow that cannot be easily peeled off.
CONCLUSIONS
Fireworks deaths are a rare event in the United States and around the world. Misuse of fireworks adds to the danger and contributes to a significant number of all injuries. This case shows the devastating effects of firework injury as a result of misuse, with a contributing factor of alcohol intoxication. The age of the decedent was also unusual, because individuals at his age are not typically involved in injuries resulting from the use or misuse of fireworks. This case demonstrates the need for further fireworks safety education programs throughout the state.
